Abstract-Five days administration of Li (Li<SUB>2</SUB>CO<SUB>3,/SUB> 2.5 mEq/kg, i.p. twice daily for 4 days, followed by one injection on the 5th day) to rats did not significantly alter brain serotonin (5-HT) levels. Animals appeared somewhat sedated but showed consider able exploratory and rearing behavior in new circumstances. Turnover rate of brain 5-HT as measured from the accumulation after inhibiting monoamine oxidase was decreased by repeated administration of Li. Furthermore, Li lessened the deple tion rate of brain 5-HT by reserpine. These results suggest that certain of the effects of Li on manic states can be attributed to the reduced functional activity of brain 5-HT neurons.
The clinical effectiveness of Lithium (Li) salts in the treatment of manic states was first reported by Cade et al. (1) . The exact mechanism underlying the action is not fully understood; however, since Li is chemically related to Sodium it appears that the ion modu lates the excitability of the nerves. If this is the case, a change in nervous activity in the brain can be expected, and would in turn result in a change in the rate of metabolism of and turnover rate of brain monoamines.
Schildkraut et al. (2, 3) observed an increase of norepinephrine (NE) turnover and deaminated metabolite as well as a decrease of normetanephrine in brain after administ ration of LiCl. Katz et al. (4) made the observation that electrically evoked release of NE from rat brain slices in vitro was inhibited by the addition of Li. Colburn et al. (5) and Kuriyama and Speken (6) reported an increase of NE-uptake into synaptosomes after Li injection. Conclusively speaking it may be stated that Li treatment decreases levels of NE available to central adrenergic receptors.
There is increased evidence that serotonin (5-HT) acts as a neurotransmitter at the synapse in the central nervous system. Many researchers have examined the effects of Li on the metabolism of 5-HT in brain and there is general acceptance that Li treatment decreases the evoked release of 5-HT from brain (4, 7, 8) . On the other hand, however, there appear to be inconsistencies in literature regarding the effect of Li on the turnover of 5-HT. Thus, Schildkraut et al. (7), Corrodi et al. (8) and Ho et al. (9) found that Li administration led to a decrease in the turnover rate of 5-HT while Sheard and Aghajanian (10) and Perez-Cruet et al. (11) reported an increase when pretreatment of animals with Li was administered.
In the present study, therefore the following experiments were designed to investigate the effect of Li treatment on brain 5-HT metabolism in rats: (1) brain levels of 5-HT (2) behavior and motor activity (3) turnover rate of 5-HT in brain (4) release of 5-HT from brain by reserpine.
MATERIALS AND METHODS
Male rats of Wistar strain, weighing from 150 to 180 g were used. The solution of Li2CO3 was neutralized to pH 7.4 with citric acid. In one series of experiments rats were given Li i.p. three times in doses of 2.5, 2.5 and 1.2 mEq/kg at intervals of 1 hr. In a second series 2.5 mEq/kg was injected i.p. twice daily for 4 days followed by one injec tion of the same dose on the 5th day. Control rats were given saline instead of Li2CO3 solution.
In a second series of experiments, measurement of spontaneous motor activity was made on groups of two rats each by means of the aniinex activity meter (12) . Recordings were made everyday for 5 min before the administration of Li. After 5 days administ ration of Li, rats were sacrificed by decapitation. Brains were removed, the cerebellum was discarded and the anterior portion of the brain was separated from posterior by cut ting above the corpora quadrigemina. The whole brain excluding cerebellum, anterior and posterior portions were subjected to 5-HT analysis. For the investigation of the effect of Li administration on reserpine-induced re lease of 5-HT, rats were injected with 2 mg/kg of reserpine i.p. 30 min after the final administration of Li and were sacrific ed 1, 2, 4 and 6 hr after reserpine. There after rats were sacrificed and both anterior and posterior portions of the brain were subjected to 5-HT analysis. 5-HT was assayed by the methods of Snyder et al. (14) and Curzon and Green (15) .
RESULTS

Brain levels of 5-HT
The effect of Li administration for 5 days on brain levels of 5-HT in rats is shown in Fig. 1 . Levels of 5-HT in Li treated animals appeared to be higher than control values, particularly in the posterior portion but the difference was statistically insignificant. Three injections of Li a day did not alter the concentration of 5-HT in any part of the brain.
Behavior and motor activity
During 5 days injection of Li, the animals appeared somewhat sedated, weakened and crouched in a corner of the cage. Pilo-erection was also observed. In order to mea sure spontaneous motor activity, two animals were placed together in a new cage and these showed considerable exploratory and rearing behavior which was almost indistinguishable from that observed in saline treated controls. Interestingly enough, animals appeared sedated again when they were put back into their own cage. Fig. 2 shows the activity counts measured by animex for 5 min. An injection of saline was not found to alter the activity but owing to usual adaptation to new circumstances the activity declined gradually day by day. The activity in Li-treated animals was somewhat lower than in controls but the difference was statistically insignificant and after 5 days treatment, animals still showed considerable counts of activity. Li administration for 5 days significantly influenced body weight as compared to saline-treated controls. Thus, from 2 to 4 days after injection there were almost no increase in body weight, while a significant decrease in body weight was found on the 5th day. 
Turnover rate of brain 5-HT
The results presented in Table 1 show that the administration of Li for 5 days de creased both rate constant and turnover rate of brain 5-HT when compared to the con trol group. MAGI, given to rats treated with Li as well as control rats did not result in any display of hyperactivity. (Fig. 3, 4) .
Reserpine, at a dose of 2 mg/kg i.p., induced a characteristic syndrome in rats. Short ly after injection, animals showed a startle response to auditory stimuli which lasted about 1 hr. At this dose ptosis was found about 30 min after injection while a hunchback posture was assumed about 2 hr after injection. Soft stools and diarrhea were also ob served from 30 min to 2.5 hr after reserpine. Pretreatment with Li three times in one day delayed the onset of ptosis about 15 min and caused complete inhibition of increase in responsiveness to auditory stimuli induced by reserpine. However, 1.5 hr after reserpine administration there was somewhat of an increase in spontaneous motor activity together with rearing and exploratory behavior which lasted about 2 hr. On the other hand re serpine-induced syndrome was modified greatly by a 5 day pretreatment with Li. Thus, soft stools, diarrhea, hunchback posture and startle response to auditory stimuli were ab sent. Ptosis was observed, but it appeared only about 1 hr after reserpine. Within 1 hr after reserpine, animals became hyperactive and showed an increase in food intake and drinking, which lasted for about .1.5 hr. In conclusion, pretreatment of rats with Li for 5 days decreased the rate of brain 5 HT turnover as well as the release of 5-HT from synaptic vesicles , thereby decreasing the amount of 5-HT reaching the central 5-HT receptors. In this connection it is interesting to refer to Sheard and Aghajanian's report (10) that the great distractibility present in manic syndrome may in part represent a failure of habituation which is associated with increased release of 5-HT in the forebrain. It may be said, therefore, that certain of the effects of Li on manic states can be attributed to the reduced functional activity of brain 5-HT neurons.
